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VEHICLE WITH CONNECTABLE
FOUR-WHEEL DRIVE

FIELD OF THE INVENTION

The present invention relates to a vehicle with connect-
able four-wheel drive.

The present invention advantageously applies to a high
performance sports car to which the following description
will explicitly refer without loss of generality.

DESCRIPTION OF THE RELATED ART

A high performance sports car generally has a rear-wheel
drive and 1s provided with a self-locking differential to try to
maximize 1n every condition the driving torque transmitted
by the rear wheels to the road surface.

The rear-wheel drive with self-locking differential 1s
rewarding for a sporty driving in optimal (dry road) or 1n any
case fair (wet) grip conditions; however, this solution com-
bined with a high driving torque and wide tires involves an
extremely diflicult and potentially dangerous driving when
the grip conditions are bad (flooded or 1cy road). In order to
improve the driveability of a sports car in poor grip condi-
tions, 1t has been proposed to use the permanent or connect-
able four-wheel drive.

The permanent four-wheel drive allows to considerably
improve the behavior of the car i poor grip conditions but
has the drawbacks of increasing in every situation the torque
losses of the transmission system and of imparting a behav-
1or to the car in optimal grip conditions that are not always
appreciated by the drivers.

The connectable four-wheel drive allows the driver to
decide whether to use the rear-wheel drive or use the
tour-wheel drive; in this way, the driver can use the rear-
wheel drive 1n optimal grip conditions and the four-wheel
drive 1n poor grip conditions.

The patent application WO20035080117A2 describes a
vehicle with connectable four-wheel drive which 1s provided
with an engine having a drive shait, a pair of main driving,
wheels permanently connected to the drive shatt through the
interposition of a gearbox provided with a first clutch, and
with a pair of secondary drive wheels, which can be selec-
tively connected to the drive shait through a connectable
transmission system. The connectable transmission system
has a second clutch, which on one side 1s connected with a
fixed transmission ratio to the drive shaft upstream of the
gearbox and the other side 1s connected with a fixed trans-
mission ratio to the secondary drive wheels.

The patent application WO2006100385A1 describes an
evolution of the vehicle with connectable four-wheel drive
described in patent application WO20035080117A2; 1n par-
ticular, the percentage value of a driving torque to be
transmitted to the secondary drive wheels through the sec-
ond clutch 1s determined instant by instant as a function of
the dynamic parameters of the vehicle detected by respective
SEeNsors.

In the solutions proposed i1n patent applications
WO02005080117A2 and WO20061005835A1, the four-wheel
drive can be connected only 1n some lower gears (typically
first and second) and cannot be connected 1n other gears. The

patent application WO2008120097A1 describes a further
evolution of the vehicle with connectable four-wheel drive

described 1npatent applications WO2005080117A2 and
WO2006100585A1, wherein the connectable secondary
transmission line adapted to connect the drive shaft also to
the secondary drive wheels comprises a gear transmission

10

15

20

25

30

35

40

45

50

55

60

65

2

having two diflerent transmission ratios selectable 1n alter-
native to each other. In this way, the connectable four-wheel

drive described in patent application WO2008120097A1

allows connecting the four-wheel drnive (1.e., transferring
driving torque to the front wheels) in the first four forward
gears of the gearbox. In other words, using a first transmis-
sion ratio of the connectable secondary transmission line
ensures the connection of the four-wheel drnive (that 1s, the
transier of the driving torque to the front wheels) when the
first gear I or the second gear 11 are connected to the gearbox,
while using the other transmission ratio of the connectable
secondary transmission line ensures the connection of the
tour-wheel drive (that 1s, the transter of the driving torque to
the front wheels) when the third gear III or the fourth gear
IV are connected to the gearbox. However, there are some
drawbacks: 1t 1s 1impossible to connect the four-wheel drive
(1.e. transfer the driving torque to the front wheels) when a
higher gear than fourth gear IV 1s connected to the gearbox,
and 1n the clutch of the connectable secondary transmission
line there 1s a very strong thermal energy dissipation when
a gear 1s connected to the gearbox with a transmission ratio
different from the transmission ratio of the connectable
secondary transmission line. Furthermore, the connectable
secondary transmission line uses a synchronizer engagement
that requires a torque interruption on the front axle for the
transition from one gear to the other, and this 1nevitably
causes an interruption of the driving torque on the front
when the gearbox shifts from second gear II to third gear 111,
and vice versa; 1f the gearbox 1s double clutch, when the
gearbox shifts from second gear II to third gear III there
occurs an interruption of the driving torque only on the front
(1.e., the rear 1s always 1n traction) and this sudden and
impulsive loss of the four-wheel drive can unbalance the car
set-up, especially when traveling on a medium-low grip
road.

In patent application EP2228249A1, the secondary trans-
mission line also comprises a movement reversal unit which
1s operable for reversing or not the direction of movement
and allows connecting the four-wheel drive (1.¢., transferring
driving torque to the front wheels) even when the reverse
gear 1s selected.

Patent application DE102009029917A1 describes a
vehicle with four-wheel drive provided with an internal
combustion engine arranged centrally and two twin trans-
mission lines, each of which orniginates from a side of the
internal combustion engine, transmits the motion to a cor-
responding axle and 1s provided with both a clutch and a
gearbox which, according to a possible embodiment, may
also be of the continuous type (also called “CVT” or
Continuously Variable Transmission).

DESCRIPTION OF THE INVENTION

The object of the present invention 1s to provide a vehicle
with connectable four-wheel drive, which 1s easy and cheap
to 1implement, 1s free from the drawbacks described above
and, at the same time, allows for increased performance,
stability, and traction 1n all grip conditions.

According to the present invention, a vehicle with con-
nectable four-wheel drive 1s provided as set forth in the
accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with refer-
ence to the accompanying drawings, which show some
non-limiting embodiment examples thereof, 1n which:
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FIG. 1 shows a schematic view and plan view of a car
with connectable four-wheel drive implemented according

to the present invention; and

FIG. 2 shows a schematic and plan view of a variant of the
car in FIG. 1.

PREFERRED EMBODIMENTS OF TH.
INVENTION

(L]

In FIG. 1, reference numeral 1 indicates a car provided
with two normally driven front wheels 2 (or secondary drive
wheels) and two constantly driving rear wheels 3 (or main
drive wheels). Car 1 comprises an internal combustion
engine 4, which 1s arranged in longitudinal front position, 1s
provided with a drive shait 5 carrying a flywheel 6, and 1s
connected to the rear drive wheels 3 through a main trans-
mission line 7. The main transmission line 7 comprises a
main clutch 8, which 1s arranged at the rear axle and 1s
connected on one side to the drive shait 5 of engine 4 by a
drive shaft 9 and on the other side to a main gearbox 10
arranged at rear axle. A rear diflerential 11 (or main difler-
ential) 1s connected 1n cascade to the main gearbox 10, from
which differential a pair of rear axle shafts 12 departs, each
of which 1s integral with a rear wheel 3. A primary shaft 13
of the main gearbox 10 1s integral with an output of the main
clutch 8 while a secondary shait 14 of the main gearbox 10
1s coupled to the rear differential 11. According to a preferred
embodiment, the main gearbox 10 1s double clutch, 1.e. 1t
integrates two main clutches 8 connected to two correspond-
ing primary shafts 13; in this way, the main gearbox 10
allows performing gear shifts without interrupting the trac-
tion on the rear wheels 3.

Car 1 comprises a connectable secondary transmission
line 15 which 1s adapted to connect the drive shait 5 also to
the front wheels 2 in such a way as to make also the front
wheels 2 themselves driving. The secondary transmission
line 15 comprises a secondary clutch 16, which on one side
1s connected to the drive shait 5 upstream of the main
gearbox 10 and on the other side 1s connected to the front
wheels 2 through a geared transmission 17 and a front
differential 18 (or secondary differential) from which a pair
of front axle shafts 19 depart which are integral with the
front wheels 2.

In order for the secondary clutch 16 to transier driving
torque to the front differential 18 (i.e. the front wheels 2), it
1s necessary that the output of the secondary clutch 16 is
slower than or has the same speed as the mput of the
secondary clutch 16. If the secondary clutch 16 were closed
as the output of the secondary clutch 16 rotates faster than
the input of the secondary clutch 16, then the secondary
clutch 16 would transfer torque from the front differential 18
to the main gearbox 10, 1.e. towards the rear drive wheels 3,
generating a braking of the front wheels 2 and a torque
overload on the rear drive wheels 3.

The connectable secondary transmission line 15 also
comprises a continuously variable transmission 20 (also
called “CV'T”) that 1s controlled electronically to vary its
transmission ratio i a continuous manner (1.e. without
interruption) between two limit values without ever inter-
rupting the transmission of the driving torque. The lower
limit value of the transmission ratio of the continuously
variable transmission 20 1s such that the input and the output
of the secondary clutch 16 have the same speed when the
first gear (1.e. the forward shorter or lower gear) 1s engaged
in the main gearbox 10; the upper limit value of the
transmission ratio of the continuously variable transmission
20 1s such that the mput and the output of the secondary
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clutch 16 have the same speed when a higher gear than the
first gear 1s engaged 1n the main gearbox 10.

In an 1deal embodiment, the upper limit value of the
transmission ratio of the continuously variable transmission
20 1s such that the mput and the output of the secondary
clutch 16 have the same speed when the longest (highest)
gear 1s engaged 1n the main gearbox 10; in this way, the
connectable secondary transmission line 15 1s usable with
any ratio engaged 1n the main gearbox 10. In a more limited
(but simpler and with more compact construction) embodi-
ment, the upper limit value of the transmission ratio of the
continuously variable transmission 20 1s such that the mnput
and the output of the secondary clutch 16 have the same
speed when a relatively high gear (for example, the fourth
gear or the fifth gear) 1s engaged 1n main gearbox 10; 1n this
way, the connectable secondary transmission line 15 1s
usable only until 1n the main gearbox 10 1t 1s lower than or
equal to the fourth gear or the fifth gear (to this end, 1t should
be noted that the advantages of the four-wheel dnive are
modest when higher gears are engaged 1n the main gearbox
10, or when the speed of car 1 1s relatively high).

According to a preferred embodiment, the continuously
variable transmission 20 1s with roller (or toroidal) and
comprises two rollers (an mput and an output), with a
slightly conical shape, with the concave edge such as to be
inserted 1n the central hole of a torus, facing the tip and on
the same axis. One or more rollers are pressed in the
resulting cavity arranged on a plane parallel to the axis of the
system. If the axis of the roller 1s orthogonal to the axis of
the system, the roller touches the two cones at the same
height and the transmission ratio 1s unitary; by inclining the
rollers, the contact on a cone moves towards the center and
towards the periphery on the other, thus varying the trans-
mission ratio.

A control unit 22 controls the continuously variable
transmission 20 of the connectable secondary transmission
line 15 so that the transmission ratio of the continuously
variable transmission 20 (and therefore of the connectable
secondary transmission line 15) 1s always coordinated with
the transmission ratio of the main gearbox 10 (i1.e. with the
gear engaged 1n the main gearbox 10). The control mode of
the secondary clutch 16 1s fully described 1n patent appli-
cation WO20061003585A1; the only difference i1s that the
control unit 22 can rely on different transmission ratios of
the continuously variable transmission 20 to always or
almost always transmit driving torque to the front wheels 2.

According to a preferred embodiment, the secondary
transmission line 15 also comprises a movement reversal
unit 23 which i1s controlled by the control unit 22 to reverse
or not the direction of movement; when a forward gear 1s
selected 1n the main gearbox 10, the control unit 23 controls
the movement reversal unit so as not to make any reversal
of movement (1.e. so as to also rotate the front wheels 2 for
forward driving), while when the reverse gear 1s selected 1n
the main gearbox 10, then the control unit 22 controls the
movement reversal unit 23 so as to reverse the movement
(1.e. so as to also rotate the front wheels 2 for the reverse
driving). The movement reversal unit 23 can be separated
and independent from the continuously varable transmis-
s1ion 20 or 1t can be integrated within the same continuously
variable transmission 20. It should be noted that 1n the case
of reverse gear, clutch 16 may operate 1n slipping, since the
energy dissipation that occurs during the use of the reverse
gear 1s generally negligible (the reverse gear 1s rarely used
and 1n reversing car 1 travels very limited distances).

In the variant shown 1n FIG. 2, the connectable secondary
transmission line 15 1s devoid of the front differential 18 and
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comprises a pair of secondary clutches 16, each of which 1s
directly coupled to a respective front wheel 2. In particular,
cach secondary clutch 16 1s coaxial to the respective front
wheel 2 and has an output keyed to an axle shatt 19 of the
respective front wheel 2. The connectable secondary trans-
mission line 15 comprises a conical torque 28 for transmit-
ting the motion from the drive shait 5 to the secondary
clutches 16 and, as mentioned above, 1t 1s devoid of the {front
differential 18 whose function 1s performed by the secondary
clutches 16. In other words, a possible difference 1n the
rotation speed between the two front wheels 2 1s compen-
sated by means of a corresponding diflerence 1n the slip of
the two secondary clutches 16.

As said above, the control unit 22 controls the continu-
ously variable transmission 20 of the connectable secondary
transmission line 15 such that the transmission ratio of the
continuously variable transmission 20 (and therefore of the
connectable secondary transmission line 15) 1s always coor-
dinated with the gear engaged in the main gearbox 10.

In the embodiment shown 1n FIG. 1, the control unit 22
controls the continuously variable transmission 20 of the
connectable secondary transmission line 135 in such a way
that the output of the secondary clutch 16 always has the
same speed as the mput of the secondary clutch 16; 1n this
way, the secondary clutch 16 never works i slipping and
has no significant energy dissipation (as a consequence, also
the cooling system of the secondary clutch 16 can be
reduced significantly).

In the embodiment shown 1n FIG. 2 and when car 1 1s on
a straight road (1.e., when the steering angle of the front
wheels 2 1s substantially zero), the control unit 22 controls
the continuously vaniable transmission 20 of the connectable
secondary transmaission line 135 1n such a way that the output
ol each secondary clutch 16 always has the same speed as
the input of the secondary clutch 16 itself; 1n this way, the
secondary clutch 16 does not work 1n slipping and has no
significant energy dissipation when car 1 1s on a straight
road. Moreover, 1n the embodiment shown 1n FIG. 2, and
only when car 1 1s turning (1.¢., when the steering angle of
the front wheels 2 1s not zero), the control unit 22 controls
the continuously variable transmission 20 of the connectable
secondary transmission line 15 1n such a way that the output
ol each secondary clutch 16 1s always slightly slower than
the mput of the secondary clutch 16 1itself (indicatively, the
output of each secondary clutch 16 rotates more slowly than
50-200 RPM with respect to the input of the secondary
clutch 16 itsell); in this way, the two secondary clutches 16
can be adjusted to compensate for the difference in the
rotation speed between the two front wheels 2 (as i1t happens
when turning wherein the front wheel 2 external to the turn
rotates faster than the front wheel 2 internal the turn); in
other words, when car 1 1s turming, the transmission ratio of
the continuously variable transmission 20 may be length-
ened so that the mput of each secondary clutch 16 always
rotates faster than the output of the secondary clutch 16 itself
s0 as to ensure the correct torque transmission to the front
axle 1n all the radn1 of trajectory. According to a possible
embodiment, when car 1 1s steering (1.e., when the steering
angle of the front wheels 2 1s not zero), the control unit 22
controls the continuously variable transmission 20 of the
connectable secondary transmission line 15 such that the
speed diflerence between input and output of each secondary
clutch 16 1s variable and increases as the steering angle
increases; 1.e., the greater the steering angle, the greater the
speed difference between input and output of each secondary

clutch 16.
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From a practical point of view, when car 1 1s turning (1.e.,
when the steering angle of the front wheels 2 1s not zero), the
control unit 22 lengthens (increase) slightly the transmission
ratio of the continuously variable transmission 20 in such a
way that the 1nput of each secondary clutch 16 rotates faster
than the output of the secondary clutch 16 1tself (instead, on
a straight road, the mput and the output of each secondary
clutch 16 rotate at the same speed); the speed diflerence
between mnput and output of each secondary clutch 16 (1.e.,
the elongation of the transmission ratio of the continuously
variable transmission 20) 1s not constant, but 1s a function of
the steering angle and in particular 1s increasing as the
steering angle increases. To summarize, when car 1 1s on a
straight road, the transmission ratio of the continuously
variable transmission 20 1s such that the input and the output
ol each secondary clutch 16 rotate at the same speed, while
when car 1 1s turning, the transmission ratio of the continu-
ously variable transmission 20 1s slightly elongated com-
pared to the same situation on a straight road 1n such a way
that the 1nput of each secondary clutch 16 rotates faster than
the output of the secondary clutch 16 1tself

It should be noted that only the main clutch 8 and the main
gearbox 10 are sized to continuously transmit all the driving
torque that can be generated by the internal combustion
engine 4. The secondary clutches 16 and the continuously
variable transmission 20, on the contrary, are sized to
continuously transmit (or even only for limited time inter-
vals) only a fraction of the driving torque that can be
generated by the internal combustion engine 4; 1n fact, a
limited fraction (e.g. 30-40%) of the drniving torque gener-
ated by the internal combustion engine 4 1s always directed
to the front wheels 2. In other words, car 1 can be driven
only with the rear-wheel drive or with the four-wheel drive,
but not with only the front-wheel drive. In this way, the
secondary clutches 16 and the continuously variable trans-
mission 20 have relatively limited dimensions and weights.

The connectable four-wheel drives described above have
several advantages.

In the first place, the connectable four-wheel drives
described above allow eliminating almost completely the
energy dissipation in the secondary clutches 16, since the
secondary clutches 16 operate in slipping (i.e., with a
difference between the output speed and the 1nput speed)
only for brief moments (or only when turning) and in any
case with a modest slip (or a speed difference between 1nput
and output).

Moreover, during the variation of the transmission ratio of
the continuously variable transmission 20 no mterruption of
driving torque to the front wheels 2 ever occurs; therefore,
the front wheels 2 are always engaged (even during gear
changes) to the advantage of the car set-up. In other words,
the continuously variable transmission 20 1s able to ensure
the gear shift under torque (i.e. 1n “power shiit” mode)
climinating the temporary loss of the four-wheel drive
during the shiit.

Finally, the connectable four-wheel drives described
above are simple and cost-eflective to produce and are
compact and lightweight.

What 1s claimed 1s:

1. A connectable four-wheel drive vehicle comprising:

an engine having a drive shaft;

a pair of main drive wheels;

a main transmission line, which permanently connects
the drive shaft to the main drive wheels and com-
prises a main gearbox and a main differential;

a pair ol secondary drive wheels, which are normally
driven;
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a connectable secondary transmission line to connect
the drive shatt also to the secondary drive wheels and
comprising two secondary clutches, each of which,
on one side, has an mput connected to the drive shaft
upstream of the main gearbox and, on the other side,
has an output directly connected to a respective
secondary drive wheel; and

a control unait;

wherein the connectable secondary transmission line
comprises a continuously variable transmission,
which 1s interposed between the drive shait and the
two secondary clutches and can be electronically
controlled so as to continuously vary 1ts gear ratio
between two limit values without ever interrupting
the torque transmission;

and

wherein the control unit controls the continuously
variable transmission of the connectable secondary
transmission line so that, when the vehicle 1s driving
along a straight stretch, the output of each secondary
clutch always has the same rotation speed as the
input of the secondary clutch 1tself;

wherein the control umt controls the continuously
variable transmission of the connectable secondary
transmission line such that, when the vehicle 1s
turning, the output of each secondary clutch always
rotates more slowly than the mput of the secondary
clutch 1itsell.

2. A vehicle according to claim 1, wherein the lower limit
value of the gear ratio of the continuously variable trans-
mission 1s such that the iput and the output of each
secondary clutch have the same speed when a shortest
forward gear 1s engaged in the main gearbox.

3. A vehicle according to claim 1, wherein the upper limit
value of the shortest gear ratio of the continuously variable
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transmission 1s such that the input and the output of each the
secondary clutch have the same speed when a forward gear
comprised between a shortest forward gear and a longest
gear 1s engaged 1n the main gearbox.

4. A vehicle according to claim 1, wherein the continu-
ously variable transmission 1s roller-based.

5. A vehicle according to claim 1, wherein the control unit
controls the continuously variable transmission of the con-
nectable secondary transmission line so that the gear ratio of
the continuously variable transmission 1s always coordi-
nated with the gear ratio engaged 1n the main gearbox.

6. A vehicle according to claam 1, wheremn a possible
difference 1n the rotation speed of the two secondary drive
wheels 1s compensated by means of a corresponding difler-
ence 1n the slip of the two secondary clutches.

7. Avehicle according to claim 1, wherein the control unit
controls the continuously variable transmission of the con-
nectable secondary transmission line so that, when the
vehicle 1s turning, the rotation speed difference between the
input and the output of each clutch 1s variable and increasing
as the steering angle increases.

8. A vehicle according to claim 1, wherein only when the
vehicle 1s turning, the control unit increases the transmission
ratio of the continuously variable transmission of the con-
nectable secondary transmission line so that the input of
cach secondary clutch rotates faster than the output of the
secondary clutch itsell.

9. Avehicle according to claim 1, wherein the control unit
considers the vehicle to be turning when the steering angle
of the front wheels 1s not null.

10. A vehicle according to claim 1, wherein the secondary
transmission line also comprises a movement reversal unit,
which can be controlled so as to reverse or not the movement
direction.
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